input is out of phase with the firing of STN neurons, allowing for them to have a higher level of coherence with the cortex through thalamo-cortical loops. The fact that direct enhancement of striatal activity with DREADDs is sufficient to evoke a decrease in hyperdirect connectivity supports this concept. Based on these results, it will be interesting to determine the specific mechanisms by which circuit changes that lead to increased GPe activity result in different cortico-STN patterning and plasticity. If NMDA receptors in the STN provide this bidirectional control of inputs to the STN, an early increase in receptor activity due to more coherent cortico-STN firing can augment dysfunction in the circuit. In response to the same dopamine depletion stimulus, NMDA receptors can shift the excitation and inhibition balance of inputs onto STN neurons, resulting in increased inhibitory drive from the GPe and decreased excitation from the cortex.
From this work, the pressing question continues to be the role of NMDA-receptor activation and how it strikes balance in this circuit. In their previous study (Chu et al., 2015) , the authors determined that nitric oxide signaling was responsible for the heterosynaptic, NMDA-receptordependent LTP of GABAergic inputs from the GPe. It is yet to be determined whether dopamine depletion, which causes LTP of GPe inputs but synapse loss at cortical inputs, evokes these changes through similar or divergent mechanisms. Further studies will be required to determine what underlies these changes and how they can specifically relate to one another. Together, these findings provide a mechanistic window into the role of plasticity in the basal ganglia circuit in a PD model. The role of NMDA receptors on gating basal ganglia integration in the STN and the mechanisms of their plasticity will be an important line of study going forward.
Social discrimination is regulated by a variety of sensory inputs. In this issue of Neuron, Dulcis et al. (2017) show that chemosensory-mediated kin preference in Xenopus is determined by changes in neurotransmitter composition, which are regulated by specific microRNAs.
Social behavior, or the ability of animals to recognize and produce appropriate behavioral responses to members of their own species, termed conspecifics, is a critically important faculty that appears throughout evolution and is ubiquitous in nature. Conspecifics recognition is often a developmentally acquired trait, and the study of the diverse set of environmental and neuronal systems involved in the acquisition of sociability is of fundamental importance. One of the most basic socially oriented abilities, and one that is of vital importance for an organism's proper functioning within a social framework, is the ability to discriminate kin from non-kin. There is an ongoing debate in the literature as to whether ''kin discrimination'' is simply a private case of social discrimination in general, or whether it is a specific behavior governed by dedicated neuronal systems. However, it is clear that this discrimination ability is essential for the animals' fitness in order to properly direct various forms of social interaction toward their conspecifics such as cooperative foraging and mate selection.
Different organisms may utilize differing strategies for kin recognition, as a function of what kind of information is available given their specific biological niches and sensory capabilities ( Figure 1A ). Thus, for example, healthy humans, zebrafish, and other organisms are able to discriminate fine-grained visual features in order to differentiate between known and novel conspecifics (Oliveira, 2013; Tsao and Livingstone, 2008) . Zebrafish have also been shown to utilize olfactory cues for kin recognition while auditory cues induce social imprinting in song birds (Adret, 1993; Oliveira, 2013) . In humans, this ability is geared toward recognition of, and differentiation between, faces. Impairments in this capacity are grouped together under the common term prosopagnosia (''face blindness''), a condition that is highly prevalent in patients with autism spectrum disorders (ASDs), for example, and has been hypothesized to underlie some of the social impairments associated with this condition (Barton et al., 2004) .
It has long been known that exposure of larvae of the aquatic frog Xenopus to kin and non-kin odorants received during early larval development determines kin/non-kin preference of the tadpoles (Waldman and Adler, 1979) . These olfactory cues originate from nearby eggs and/or larvae and are received by specialized receptor cells in the vomeronasal organ (VNO), which is the receptor organ for pheromones. The VNO lies beneath the nasal bone and is found in many species of vertebrates including fish, amphibians, reptiles, and many mammals except for most species of Old World monkeys and apes, including humans. In this issue of Neuron, Dulcis and colleagues provide a detailed mechanistic analysis of the underlying neuronal responses to chemical social cues in Xenopus larvae (Dulcis et al., 2017) . Specifically, they show that a certain population of neurons in the larval accessory olfactory bulb (AOB), which receive projections from the aforementioned VNO cells, can switch from being dopaminergic to GABAergic, as a function of exposure to kin or non-kin odorants in early life.
They first show that different rearing conditions, and specifically exposure to kin or non-kin odorants, elicit an effect on social preference behavior that is associated with neurotransmitter (NT) switching toward neurons expressing either gamma aminobutyric acid (GABA) or dopamine (DA) in the developing AOB. In particular, kin odorants drive a switch toward DA expression while eliciting a behavioral attraction toward these odorants and aversion of non-kin odorants. Exposure to non-kin odorants, on the other hand, drives an increase in GABA levels and a non-discriminative preference toward both kin and non-kin ( Figure 1B) . They next showed that re-specifying the NT profile into a strictly GABAergic or dopaminergic phenotype is mediated by activitydependent gene regulatory responses in existing AOB neurons, and is not due to neurogenesis. Ablation of the newly specified AOB DA neurons as well as treatment with DA receptor antagonists prevented attraction to kin odorants, suggesting that these switched DA neurons drive social preference toward kin.
At the molecular level, they found that the transcriptional response to different rearing conditions (kin versus non-kin) includes differential expression of two microRNAs (miRs), miR-375 and miR200b. Finally, they demonstrated that miR-375 and miR-200b control NT switch by regulating the respective expression (B) Xenopus larvae grown in different rearing conditions receive a specific set of olfactory cues during development. This results in re-specification of NT composition, which in turn affects the animals' social preference to kin and non-kin odors (Dulcis et al., 2017) . DA, dopamine; GABA, gamma aminobutyric acid.
of Pax6 and Bcl11B genes, previously known to determine dopaminergic and GABAergic neuronal fates. Taken together, Dulcis et al. link activity-dependent gene-regulatory cascades that drive dynamic NT changes in a specific neuronal circuit to chemosensory-mediated social discrimination behavior (Dulcis et al., 2017) .
Classical neurobiological theories contended that neurons express only one type of NT, and this was an integral part of their function. For example, the eminent neuroscientist Henry Hallett Dale argued that ''the nature of the chemical function.is characteristic for each particular neurone, and unchangeable'' (Dale, 1935) . However, over the past several decades an increasing body of work has begun to show that neurons can in fact change their NT expression profiles. This can be attained by adding NT that the neurons previously did not express, losing NT that they previously expressed, modulating the relative expression levels of different NT that they express, or switching between one NT and another (Spitzer, 2015) . For example, specialized sensory neurons in the nematode C. elegans produce and release serotonin in response to hypoxic stress, but not under other conditions (Pocock and Hobert, 2010) . In zebrafish, a subset of hypothalamic neurons are able to co-express the neuropeptides oxytocin and corticotrophin-releasing hormone, and the relative expression levels of these peptides are modulated by the transcription factor Orthopedia (Otp), which also affects the animals' social and stress-related behaviors (Wircer et al., 2017) .
In this highlighted study, Dulcis et al. show that NT switching is required to properly develop kin preference behavior (Dulcis et al., 2017) . However, the exact molecular identity of the pheromones responsible for the described effect has yet to be determined, though a promising candidate, in the case of Xenopus, may be the short peptides of the MHC family (discussed in Dulcis et al., 2017) . Furthermore, how a specific transcriptional program in AOB neurons is induced in response to kin versus non-kin odorants is yet undetermined. AOB neurons receive input from chemosensory cells in the VNO that normally express just one type of receptor. Hence, different odorants are picked up by different VNO cells that may activate distinct subsets of AOB neurons. It remains to be determined which cells from the VNO are firing and how this differential activity affects specific NT switching. Finally, it remains to be seen whether and how perturbing these early-life social processes affects social behavior in the adult. Specifically, in the case of Xenopus, for instance, the non-kin aversion response displayed by tadpoles raised with kin reverses later in life, and adult frogs show preference for non-kin odors. Such inquiries may pave the way toward a more complete understanding of the complex interactions between neuronal systems and the environment during development, and how these processes can go awry and lead to various forms of developmental social pathologies, such as ASD. In the broadest sense, this work gives yet another example of the added level of complexity that ought to be incorporated into standard neurobiological dogma, namely that of NT plasticity and its modulatory effect on the system. In other words, a complete picture of how nervous systems function must take into consideration the effects of changing NT content at the singleneuron level-excitatory versus inhibitory, timescales, and strength of synaptic signaling.
